Stereological field measurements were used to quantify the orientation of platelets in slip cast composites. The results showed strong orientation of the platelets close to the casting surface, The extent of orientation decreased towards the interior of the specimens. Cylindrical and disk shaped casts showed different trends in platelet orientation.
Introduction
The micromechanical modeling of discontinuously reinforced ceramic matrix composites is commonly inhibited by their complex microstructures. One important consideration is the quantification of reinforcement orientation. In the past, the orientation of platelets and whiskers in ceramic matrix composites has been measured by x-ray diffraction(1) and stereological techniques (2) . The low spatial resolution of X-ray studies have shown almost random texture in slip cast composites(l) while microstructural studies have shown complex "swirl patterns" on lengthscales similar to the specimen size(3)(4).
The objective of this study was to quantify observations of platelet orientation using a stereological field measurement and the orientation parameter for lines in a plane, Q12. (5) This can be defined in terms of the number of platelet boundary intercepts with a line of known length parallel to the casting surface (PUn and the number of platelet boundary intercepts with a line of known length perpendicular to the casting surface (PU.l : (Pr).l -(PL)n (Pr).l + O.571(Pun ( 1) This study compared results for two different pressure slip casting geometries which have been used to process specimens in previous investigations(6)(7).
Experimental Procedures
The composites in this study were zirconia matrix composites containing 15 vol% alumina platelets in the size range 5-1OIlm. They were cast in two different pressure slip casting operations using the same zirconia powder and alumina platelets. The first operation (6) involved slip casting cylindrical specimens into plaster molds. The water was extracted perpendicular to the axis of the cylinders, assisted by compressed air applied to the slip reservoir. The specimens were fired to full density at 1400°C for 11 hours to give a final diameter of 6mm. The second casting operation consisted of pressure slip casting disk specimens onto filter paper(7). The water was extracted from the bottom face assisted by a vacuum. After drying, the disk specimens were fired at 1600°C for 2 hours to give a final thickness of 7mm.
The cylindrical specimens were sectioned perpendicular to their axis, mounted and polished prior to image analysis. The image analysis was conducted along two orthogonal radii from the casting surface to the centre of the specimen. The images were obtained by optical microscopy at X 1000 magnification. For each field of view, the intercepts of the platelet boundaries were counted on lines parallel and perpendicular to the chosen radius. At least 250 intercepts were calculated in each direction. The disk samples were sectioned perpendicular to the casting surface. The sections were then polished and images were again prepared by optical microscopy at Xl000 magnification. The images were taken on 3 lines perpendicular to the casting surface on the disk section. One line was down the middle of the section and the other two lines were lmrn from the edges of the section. These two lines will be referred to as the left and right lines. The intercepts parallel and perpendicular to the casting surface were analyzed as for the cylindrical specimens.
Results and Discussion
In all the specimens studied. it was rare to see platelets with their hexagonal faces in the plane of the observed section. Hence, the analysis represents the orientation of platelet sections in the plane of observation. Figure 1 shows the orientation parameter plotted against distance from the casting surface for the cylindrical specimen. The distance is measured from the casting surface along a radius towards the center of the cast. The results for two perpendicular radii are labeled 0 0 and 90 0
• The orientation parameter was relatively high within the first 1.5mm from the casting surface. Then the orientation decreased rapidly towards the center of the specimen The negative values of orientation parameter close to the center suggests that the platelets were slightly more oriented to a line perpendicular to the chosen radius. The results for the 0 0 and 90 0 radii also suggest that the gradient in the orientation parameter were not uniform around the center of the specimen. This was also observed in other cylindrical specimens on which this experiment was undertaken. While the values orientation parameter varied for any particular distance along the radius, it was generally observed that the orientation parameter had relatively high values within 1.5 mm of the casting surface. This was commonly followed by a rapid decrease to values that suggest little preferred orientation in the center. It is well known that the slip casting rate decreases in an logarithmic manner with increasing casting time. Hence, the platelets adjacent to the cast surface were most likely oriented in the high flow conditions at the beginning of the casting. Then the platelets towards the center of the cast were more randomly oriented due to the reduced flow in the latter stages of casting. The reason for the commonly observed discontinuity in platelet orientation within the first 1.5mm is less clear. This may suggest a more complex relationship between casting rate and time for these composites. Dlatance from Casting Surface. mm Figure 2 Platelet orientation through the thickness of a disk specimen. Figure 2 shows results for a disk specimen sectioned perpendicular to the casting surface. The orientation parameter was evaluated along the three lines described in the experimental procedures. Along the middle line. the orientation parameter decreased as the distance from the cast surface increased. The left line showed values of the orientation parameter that where relatively high near the casting surface. The orientation then decreased towards the middle of the line and then increased once more. The right line showed a similar relationship between orientation parameter and distance into the cast. However, the values were lower. Similar experiments on other vacuum formed casts showed no consistent variation in the orientation parameter from cast to cast. However, it was common to see a relatively high orientation next to the casting surface which then decreased towards the center of the cast and then increased once more towards the opposite surface. This would be consistent with the qualitative observations of another study on pressure cast platelet reinforced ceramic matrix composites.(4) Large swirl patterns were reported in the platelet orientation through the specimen and attributed to turbulent flow or "eddy currents" during casting. High texturing was always observed close to the surfaces of the specimen. While the general trends for the pressure cast disks in this study were consistent with the suggestion of large eddy textures, there was no consistent observations that suggested reproducible flow patterns in different specimens cast under the same conditions. The more predictable trends occurred in the cylindrical specimens. This was suprising given the expectation of non-uniform pore structure of plaster molds use for the cylindrical specimens when compared with the filter papers used to cast the disk specimens. Consequently, one would expect that the cylindrical molds should result in non-uniform flow conditions and hence less predictable trends in platelet reinforcement. The results of this study contradict this expectation. Patterns of platelet orientation exist on lengthscales that are comparable to the specimen size in both types of casting. In most cases the details of the patterns are not reproducible from specimen to specimen.
Conclusions
Stereological field measurements showed gradients in platelet orientation over lengthscales that were large compared with the scale of the field of view in optical microscopy (75}-tm). This type of measurement may prove to be more convenient than comparing large numbers of orientation distributions determined using feature measurements from the same images.
The gradients in the orientation of platelets through slip cast ceramic matrix composi tes were quite variable. The cylindrical samples showed the most consistent trend of reduced orientation towards the center of the cast. The disk specimens showed unpredictable patterns in orientation on a scale that was large compared with the size of the images.
